Summary The aim of this multicentric, retrospective, and uncontrolled study was to evaluate the efficacy and safety of levetiracetam (LEV) in 81 children younger than 4 years with refractory epilepsy. At an average follow-up period of 9 months, LEV administration was found to be effective in 30% of patients (responders showing more than a 50% decrease in seizure frequency) of whom 10 (12%) became seizure free. This efficacy was observed for focal (46%) as well as for generalized seizures (42%). In addition, in a group of 48 patients, we compared the initial efficacy (evaluated at an average of 3 months of follow-up) and the retention at a mean of 12 months of LEV, with regard to loss of efficacy (defined as the return to the baseline seizure frequency). Twenty-two patients (46%) were initial responders. After a minimum of 12 months of follow-up, 9 of 48 patients (19%) maintained the improvement, 4 (8%) of whom remained seizure free. A loss of efficacy was observed in 13 of the initial responders (59%). Maintained LEV efficacy was noted in patients with focal epilepsy and West syndrome. LEV was well tolerated. Adverse events were seen in 18 (34%) patients. The main side effects were drowsiness and nervousness. Adverse events were either tolerable or resolved in time with dosage reduction or discontinuation of the drug.
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We conclude that LEV is safe and effective for a wide range of epileptic seizures and epilepsy syndromes and, therefore, represents a valid therapeutic option in infants and young children affected by epilepsy. # 2007 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Introduction
Levetiracetam (LEV) is one of the latest antiepileptic drug (AED) available on the market.
1,2 Mechanisms underlying its antiepileptic activity are partially understood. LEV partially inhibits N-type high-voltage-activated Ca 2+ currents and reduces the Ca 2+ release from intraneuronal stores. 3 LEV is also able to reverse the effects of negative allosteric modulators of g-aminobutyric acid (GABA) and glycine-gated currents. 4 LEV has a favorable pharmacokinetic profile characterized by rapid and almost complete absorption after oral administration, linear pharmacokinetics, minimal protein binding, predominantly renal excretion, and no significant drug interactions. 2, 5 In children the pharmacokinetics resulted to be similar to that observed in adults, even though clearance is approximately 30-40% higher. 5 Although double blind placebo-controlled clinical trials demonstrated the efficacy of LEV in both adults 6, 7 and children, 8 safety and efficacy of LEV in infancy remain to be ascertained.
Here we report on a retrospective, multicenter study which has been conducted in order to acquire further information about efficacy and tolerability of LEV in a pediatric population under four years of age affected by several types of seizures and epilepsy syndromes.
Patients and methods
Data were obtained from records of patients treated with LEV for epilepsy from January 2003 to June 2005. Data for an open, multicentered, retrospective study of children treated with LEV were collected from six pediatric neurology departments in Italy. Patients were selected by the following criteria: (i) aged less than 4 years; (ii) exhibiting at least four seizures a month during the 3 months before LEV was administered. Patients with progressive neurological disorders were excluded from the study. Family and personal histories were taken and neurological examinations performed on all patients. Details of sex, age, anti-epilepsy drug (AED) usage before LEV therapy, concomitant therapy, and duration of treatments and of epilepsy were collected. All patients underwent brain magnetic resonance imaging (MRI). Biochemical analyses, chromosomal investigations, and screening for metabolic disorders were carried out in all patients. Seizure types and epilepsy syndromes were classified in accordance with the International League against Epilepsy (ILAE) classifications, and the recently proposed diagnostic scheme for patients with seizures and epilepsy. [9] [10] [11] Patients A total of 81 children (36 girls and 45 boys) aged less than 4 years were recruited. Neuromotor retardation was observed in 60 (74%) patients and it was considered to be severe in 27, moderate in 15, and mild in 18. Mean seizure frequency was 42 seizures per month (range . The mean age to the first seizure was nine months (range 1 month-3.5 years), and mean duration of the epileptic history was 17 months (range 3-41 months). Epilepsy was symptomatic in 41 (50%) patients, probably symptomatic in 32 (40%), and idiopathic in 8 (10%). Focal seizures were observed in 44 (54%) patients, and generalized seizures in 57 (70%). In 17 (21%) patients, partial seizures evolved to secondary generalization. Twenty-four (30%) patients exhibited more than one type of seizure. Informed consent for LEV administration was obtained from the parents. The mean number of AEDs tried before starting LEV treatment was four (range 1-10). The number of AEDs administered when LEV treatment was started ranged from one to three (average two). Drugs administered at the outset of LEV therapy included valproate (41%), phenobarbital (31%), carbamazepine (27%), vigabatrin (26%), topiramate (22%), clonazepam (20%), lamotrigine (9%), oxcarbazepine (7%), chlormethyldiazepam (6%), and ACTH (10%).
Levetiracetam was administered in two equal daily doses of 5-10 mg/kg. The dose was increased every week up to a maximum of 62 mg/kg per day. In the event of an adverse reaction, the titration phase was prolonged based on the clinical condition. During treatment complete peripheral blood counts, urinary analysis, determinations of blood creatinine level and alanine and aspartate aminotransferase levels were taken.
Response
In comparison with baseline seizure frequency and severity, the response to LEV treatment was classified as follows: complete cessation (100% seizure control); very good (decrease in seizure frequency by 50-99%); minimal (21-50% seizure reduction with minimal change in seizure severity); unmodified (less than 20% seizure reduction) or worsening (increase seizure frequency to >50%). Physicians openly reported adverse events related to the drug administration.
LEV retention at 12 months
In a group of 48 patients, the initial LEV efficacy, defined as the number of responsive patients at a minimum period of 3 months follow-up (range 2-4 months), was compared with the retention at 12 months (range 12-14) of LEV, to examine the loss of efficacy. Retention at 12 months of LEV, a composite measure of efficacy and adverse events in clinical practice, was defined as the percentage of patients still taking LEV after a minimum period of 12 months of follow-up (range 12-45 months). Loss of efficacy was defined as the return to the baseline seizure frequency.
Results
The mean age of patients at the time of initial LEV treatment was 27 months (range 2-46 months). The mean duration of treatment was 9.2 months (range 3-42 months). Mean LEV daily dose was 41 mg/kg (range 25-62 mg/kg per day).
Efficacy
At their last visit, 37 (46%) patients out of 81 were still being treated with LEV, whereas LEV had been stopped in the remaining 44 (54%) patients. Twentyfour (30%) patients were considered to be responders because they showed a reduction in their seizure frequency by more than 50%. Specifically, 10 (12%) children became seizure free, 14 (17%) showed a seizure reduction of more than 50%, and 18 (22%) showed seizure reduction of 20-50%. In 24 (30%) patients seizure frequency remained unchanged and in a further 15 (18%) patients seizures increased more than 50% in comparison with the baseline. In 13 (16%) nonresponders LEV was maintained because either seizures were reduced in severity or there were positive psychotropic effects. Seizure reduction was seen over a wide range of seizure types (Fig. 1 ) and epilepsy syndromes (Table 1) . LEV appeared to be effective in both focal (46% of responders) and generalized epilepsy (42% of responders). Efficacy was also observed in three (12%) patients presenting with an unclassifiable type of epilepsy syndrome. In eight (10%) patients, the good initial response was lost within 4 weeks with seizure frequency returning to a pretreatment level.
In two patients, one affected by focal epilepsy and one with West syndrome, LEV monotherapy was successful because both remained responders at the last follow-up visit. In a further six (7%) children, one or more concomitant drugs was reduced without affecting seizure frequency.
LEV retention at 12 months
The group of 48 patients was not different from the remaining patients in terms of age, sex, epilepsy history, seizure frequency, and number of antiepileptic drugs administered (Wilcoxon sum rank test).
Efficacy and safety of levetiracetam in infants and young children with refractory epilepsy Efficacy retention at 12 months was observed in nine out of 48 patients (19%), of whom four (8%) remained seizure free ( Table 2) . Five of these patients (56%) were affected by focal epilepsy, three (33%) by West syndrome, and one (11%) by myoclonic-astatic epilepsy. A loss of efficacy was seen in thirteen (59%) of the 22 initial responders. With respect to epilepsy syndromes, efficacy loss was less obvious in patients with focal epilepsy (44%) and West syndrome (40%) ( Table 2 ).
Safety
At least one adverse event was seen in 28 (34%) patients. The most common adverse events were drowsiness (45%), nervousness (36%), cognitive disturbances (29%), loss of appetite (14%), and sleep disturbances (7%). One patient (4%) presented with vomiting. Eight patients showed more than one side effect. No life threatening side effects were observed during the study and all side effects were either tolerable or resolved in time through dosage reduction or discontinuation of the drug. There were no significant laboratory anomalies in liver function, renal function, or hematology.
Discussion
Controlled and open-label studies showed the efficacy of LEV in a wide range of seizures and epilepsies in children and adults. [6] [7] [8] [12] [13] [14] [15] [16] [17] [18] In a study designed to evaluate short-term efficacy and tolerability of LEV, Glauser et al. 8 found that giving LEV to children with partial seizures led to a statistically greater reduction in partial seizures, with 44.6% of children responsive to LEV showing more than a 50% drop in seizures with seven (6.9%) becoming seizure free.
Prospective, open-label studies showed that LEV effectively improves seizure control as an add-on drug for resistant epilepsy in childhood. 19, 20 Opp et al. 19 noted that 24.9% of 209 children were responders, with more than 50% of seizure reduction during LEV therapy. In a previous study, we observed higher responder rates after a mean follow-up period of 7 months, LEV being effective in 39% of children, with 8% of patients becoming seizure free. 20 Similar findings were observed by Lagae et al. 21 in a study of 67 children. These authors noted that 90% of children placed under LEV alone were responders. Seizure frequency before and after 12 months of LEV therapy was also evaluated in 59 children affected by intractable epilepsy. 22 The authors found that the response rate at 12 months was 52%, with 22% of patients being seizure free. Lower responder rates (29%) were observed by Koukkari et al. 21 in a retrospective study that included 52 children with refractory epilepsy.
LEV is currently approved in Italy for the treatment of patients older than 4 years of age with partial seizures and secondary generalized epilepsy. We believe this study is the first evaluation of the efficacy and safety of LEV in infants aged less than 4 years with epileptic seizures and epileptic syndromes. In an open-label, prospective study we previously reported that LEV was effective in controlling epilepsy in 16 infants in whom a higher responder rate was observed compared with rates seen in older children. 20 Moreover, a number of young children were treated with LEV and reported in other studies. [19] [20] [21] [22] [23] [24] However, systematic data are not yet available. The design of the present study reflects daily clinical practice. Although this introduces some methodological weaknesses, it provides a more natural and realistic view of the use of LEV in 348 S. Grosso et al. infants and young children. All patients we studied were refractory to first line drugs. The main aim of add-on treatment in these patients was to improve their quality of life by decreasing seizure frequency as much as possible and by limiting adverse events, rather than to make them seizure free. 24 LEV efficacy was evaluated in relation to seizure types and to epilepsy syndromes. Thirty percent of patients had a more than a 50% reduction in seizure frequency after a mean follow-up period of 9 months. The percentage of responders was lower than that reported in older children in previous studies. 20, [21] [22] [23] The lower response rates we observed may be because of insufficient experience with LEV in young children, resulting in a very strong selection bias for infants with very difficult-to-treat epilepsies. This bias is further enhanced in our data which are constituted by pooled data of the first experiences with LEV coming from six pediatric neurology departments. Although the patients we investigated did not have long histories of epilepsy, up to 10 AEDs had been used before LEV therapy was started. Moreover, the majority of children were mentally retarded, with epilepsy being mainly related to brain injuries or brain malformations. As in the previous studies involving older children, LEV resulted to effective in both focal epilepsy (46% of responders) and generalized epilepsy (42% of responders). In particular, good responses were also found in patients with West syndrome with six of 17 of such patients (35%) being classified as responders. This is a good result considering that the majority of patients exhibited refractive infantile spasms. Of course, further clinical trials are needed to determine the efficacy of LEV in these epilepsy syndromes. In fact, the size of our population was not so large to enable us to draw more definite conclusions.
We compared the efficacy in 48 patients observed after a mean of three months of follow-up with retention after 12 months of LEV, with regard to loss of efficacy. According to Krakow et al. 25 the retention rate is an important measure of the efficacy and adverse events of the drug because it is a reliable indicator over time. Nineteen percent of our patients were still responsive to LEV after a minimum of 12 months of follow-up. Loss of efficacy was observed in 59% of the initial responders. Although our series was small, a well-sustained LEV efficacy was observed in patients with focal epilepsy. Since comedication was not (or only slightly) altered before seizure relapse, we suggest that the loss of efficacy with LEV was likely related to the development of tolerance to the drug.
The mean dose of LEV in our study, 41 mg/kg per day, was similar to that used in studies on older children. 20, 21, 23 As clearance of LEV in young children is 30-40% greater, 5 it is possible that better results could be obtained with higher doses of LEV. However, previous studies did not find a relationship between LEV doses and efficacy. 2, 20 Moreover, we found significantly higher doses in nonresponder patients than in responder patients (data not shown).
LEV has been reported to be a well-tolerated, relatively safe drug. 20 Adverse reactions, such as headache, somnolence, and anorexia, have incidences varying from 30% 20, 21, 23 to 44.9%. 19 Acute psychosis 26, 27 and choreoathetosis 20 have also been reported. Hemorrhagic colitis lacking infectious etiology and severe apnea were reported in two children. In both patients symptoms reversed after LEV was stopped. 19 Side effects appear to be more frequent with high LEV doses (>40 mg/kg per day). 24 However, recent reports emphasized that LEV is well tolerated at doses up to 270 mg/kg per day. 22 Drowsiness, aggressiveness, and attention disorders represent the main side effects in patients treated with LEV. 20, 24 Opp et al. 19 found that they were most frequent in children with physical handicaps or mental retardation. These authors suggested that this pediatric population should to be monitored carefully for adverse effects of LEV therapy. In the present study, adverse reactions were observed in 34% of patients and were usually limited to the titration period. As in previous reports, 20, 22 somnolence and irritability were the most common adverse reactions, occurring in up to 28% of patients. However, in all patients the side effects were mild in severity and transient.
We conclude that although further studies of LEV monotherapy are required, the drug is safe and effective for a wide range of epilepsies and that it is a valid therapeutic option in infancy and early childhood.
